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4   Introduction

Introduction

For the first time in almost 50 years, 2 new drugs—bedaquiline and delamanid— have 
been developed, licensed and approved for the treatment of drug-resistant tuberculo-
sis (DR-TB), offering hope to hundreds of thousands of individuals suffering from this 
airborne disease.  In addition to these new drugs, there are several agents developed 
for the treatment of other infections that have shown great promise in the treatment of 
DR-TB, including linezolid and clofazimine.  This is an exciting time to be in the field of 
DR-TB.

While there are multiple planned and ongoing clinical trials looking at optimization of new 
and repurposed TB drugs, many of these have not yet started to enroll, and it will likely 
be 2020 before clinical trials results are available.  Patients and programs cannot wait 
for these trials in order to begin using these drugs both for the health reasons of the sick 
individuals but also in order to decrease ongoing transmission of DR-TB and amplifica-
tion of resistance in the absence of robust regimens.

Against the backdrop of high rates of toxicity and low rates of treatment success, the 
WHO issued guidance on the use of BDQ and DEL under program conditions.  This 
guidance is comprehensive and includes a wealth of literature on the new drugs.  In ad-
dition, WHO has issued guidance as part of a Policy Implementation Package for new 
drugs and as part of a companion handbook for the treatment of DR-TB.  This handbook 
not only contains information about BDQ and DEL but also about LZD and CFZ, as well 
as other potentially useful agents (i.e. the carbapenems).  These guidelines are compre-
hensive and evidence-based, but they often lack the types of recommendations needed 
for implementers in the field.  For this reason, this field guide was developed as a sup-
plement to existing materials.

This field guide is intended to provide practical information, tools and algorithms to per-
sons working in DR-TB who are using or thinking about using new and repurposed drugs 
for their patients and programs.  It is an attempt to share best practices from providers 
who have used BDQ, DEL, LZD and CFZ and will be updated regularly as new evidence 
becomes available.  There are a few differences between the clinical trials, WHO guide-
lines, and this handbook, which are summarized below:

•  In general, this handbook provides additional information for interpreting the WHO 
recommendations for field providers.

•  Both BDQ and DEL were tested and licensed as additions to backbone therapy for 
patients with MDR-TB, and this is how they will be indicated for use in countries where 
the drugs are registered.
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•  The studies only included individuals with pulmonary disease between the ages of 18-
65 years, and thus this is the population for whom the drugs are licensed; this does not 
mean the drugs are not useful or indicated in other populations, only that those popula-
tions were not included in the clinical trials.

•  For multiple reasons (including costs and logistics) the WHO guidelines recommend 
using these drugs in patients with resistance or intolerance to SLDs, especially the qui-
nolones and the injectables. 

•  Because of the lack of data in other populations (i.e. children, pregnant women), the 
WHO recommends that these drugs be used with caution in these populations

•  BDQ and DEL have never been tested in combination together, and thus there are no 
data on the efficacy and safety of this combination.

•  Data on the cardiac safety of this combination will likely be available in early-mid 2017

•  New drugs should be considered additional tools in the fight against DR-TB and paral-
lel systems outside of usual PMDT should not be created just for these drugs

As a key point, although this field guide focuses on the use of new and repurposed 
drugs, it cannot be stated strongly enough that these new and repurposed drugs must 
be used in the context of overall Programmatic Management of Drug-Resistant Tuber-
culosis (PMDT).  Those principles will not be reiterated here, but readers should review 
them in the 2014 WHO guidelines on PMDT.



Summary Information about New and 
Repurposed Drugs (in alphabetical order) 

Bedaquiline

Bedaquiline (BDQ) is a new drug for the treatment of DR-TB that was approved by the 
U.S. FDA in 2012, the EMA in 2013 and the Medicines Control Council  (MCC)in 2014.  
The WHO recommended BDQ for the treatment of MDR-TB in 2013, providing that it 
is used under optimal conditions, including careful selection of patients, close patient 
monitoring, use in a multi-drug regimen that follows WHO principles, informed consent 
is signed by the patient, and active pharmacovigilance is done. The drug has a novel 
mechanism of action and works by inhibiting the mycobacterial ATP synthase.  The drug 
is in a completely novel class, but data show that is has cross-resistance with clofazi-
mine thought a shared efflux pump mechanism.

The efficacy of BDQ has been demonstrated in a phase IIB trial done in multiple sites.  In 
this trial, patients were randomized to receive a multidrug-backbone regimen with either 
placebo or BDQ.  Those who received BDQ had a higher rate of culture conversion, and 
a higher rate of cure at the end of 120 weeks of follow-up.  The drug has also been given 
to almost 600 patients as part of an expanded access program and countries report 
rates of culture conversion above 75% when the drug was given as part of an optimized 
backbone regimen, usually including linezolid and clofazimine.

In terms of safety, the drug is relatively well-tolerated, although when compared with 
placebo, higher rates of liver function test abnormalities were seen.  BDQ has also been 
associated with moderate QTc prolongation, although no clinical cardiac events were as-
sociated with its use.  In the phase IIB trial of BDQ, the mortality rate of  patients receiv-
ing BDQ was five times higher than that of the group receiving placebo, although none of 
this was determined to be related to the drug.  Data from the expanded access program 
also show the drug to be well-tolerated.  QTc prolongation was again noted, although 
there were no clinical cardiac events seen.

The drug comes in tablets of 100mg which have a shelf life of 2 years.  There is a load-
ing dose phase in which the drug must be given at a dose of 400mg daily for 14 days.  
After this, the drug is given at a dose of 200mg three times a week for an additional 22 
weeks, although some providers have used this drug for a longer duration in patients 
with limited treatment options.  The half-life of the drug is 5.5 months.  When used with 
EFV, the concentration of BDQ is reduced, and thus it is recommended that alternative 
ART agents be used—including NVP and lopinavir/ritonavir.  The safety of the drug has 
not been established in children, the elderly, or in pregnant or breastfeeding woman, 
although the benefits of the drug may outweigh the risks in some circumstance.

6   Summary Information about New and Repurposed Drugs
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Clofazimine

Clofazimine (CFZ) is a drug which has been used for the treatment of leprosy for de-
cades and has been used in the treatment of patients with MDR-TB in a variety of 
program settings. CFZ  is a fat-soluble riminophenazine dye.  The drug, as yet, does not 
have a formal indication for the treatment of MDR-TB, but it is a omponent in the nine-
month, “Bangladesh” regimen.  The drug has a mechanism of action that is not com-
pletely understood, and it has been shown to have cross-resistance with BDQ.

Safety and efficacy data in DR-TB comes from observational data and from a recent 
non-blinded randomized study; the drug is currently being tested in a large Phase III trial 
as part of a multi-drug regimen (STREAM Trial). In the phase randomized trial, 105 pa-
tients with MDR-TB in China were randomized to receive a multidrug backbone regimen 
versus a multidrug backbone regimen plus 100mg of CFZ daily.  Those who received 
CFZ had a higher rate of culture conversion and the treatment success rate was 73.6% 
versus 53.8% in the group that did not received CFZ (p= 0.035). 

The drug has two main classes of side effects: skin and gastrointestinal.  CFZ causes 
skin pigmentation changes that range from an orange color to a dark black/purple color.  
These skin changes are reversible over time.  CFZ can also cause symptoms of abdomi-
nal pain, as the drug accumulates in the wall of the GI tract.  CFZ has been associated 
with QTc prolongation.

CFZ comes in caplets of 100mg, and the usual dose is 100-200mg per day.  It is used for 
the entire duration of the treatment course. The drug has a shelf life of 5 years. It has a 
half-life of 70 days.  It appears to be safe to give with all forms of ART.  It has been used 
in pregnant and breastfeeding women,  children, and the elderly.

Delamanid

Delamanid (DEL) is a new drug that was approved for the treatment of DR-TB by the 
EMA in 2013 and by the Pharmaceutical and Medical Device Agency of Japan in 2014.  
The drug was recommended for the treatment of DR-TB by the WHO in 2014 provid-
ing that it is used under optimal conditions, including careful selection of patients, close 
patient monitoring, use in a multi-drug regimen that follows WHO principles, there is a 
due process for informed consent, and active pharmacovigilance is done.  DEL is a nitor-
imidazole agent that works by inhibiting mycobacterial cell wall synthesis.

The efficacy of DEL was demonstrated in a multi-site, phase IIB trial in which patients 
were randomized to receive a multidrug-backbone regimen plus either placebo or DEL.  
Randomization was maintained for 8 weeks, then patients were offered to continue or 
receive DEL as part of an observational cohort for 6 months.  The 8 week data showed 
higher rates of culture conversion in patients who received DEL compared with placebo.  
The continued observational cohort also showed higher rates of culture conversion in 



patients who received longer courses of DEL, but this part of the trial was not random-
ized.  DEL has not been given widely under expanded access conditions.

In terms of safety, the drug is well tolerated, and the main side effect reported was mod-
erate QTc prolongation without clinical cardiac events.  Of note, the drug is metabolized 
by albumin, and increased rates of adverse events were seen in patients with low albu-
min.

DEL is given at a dose of 100mg twice daily for 24 weeks, although a phase III trial of the 
drug is evaluating a dose of 200mg once daily. Of note, some providers have used this 
drug for a longer duration in patients with limited treatment options.   The drug comes in 
tablets of 50mg and has a shelf life of 4 years.  The half-life of the drug is 38 hours.  DEL 
can be given safely with most forms of ART based on short-term studies. DEL has been 
given to children as young as 13 years and is considered safe in this population. The 
safety of the drug has not been established in children under the age of 13 years (al-
though PK and safety studies are ongoing), the elderly, or in pregnant or breastfeeding 
woman, although the benefits of the drug may outweigh the risks in some circumstance.

Linezolid

Linezolid (LZD) is an oxazolidinone antibiotic that was initially approved to treat resistant 
gram-positive infections, but has been used off-label for the treatment of DR-TB.  Mul-
tiple observational cohorts have shown that LZD can be effectively used to treat patients 
with highly-resistant forms of TB, and the drug is being proposed as a key component in 
multiple clinical trials.

Safety and efficacy data on LZD come from primarily from observational cohorts, al-
though there was one randomized delayed start trial done in patients with XDR-TB.  In 
this study, 41 patients in South Korea with confirmed XDR-TB were randomly assigned 
to receive a multidrug backbone regimen plus LZD, with the LZD either started immedi-
ately or after 2 months. In this study, patients who received LZD earlier had a more rapid 
rate of culture conversion, and by 4 months after randomization, 79% in the early group 
had culture converted as opposed to 35% in the delayed group.

The drug has multiple adverse events, especially when given at doses exceeding 600mg 
per day.  These include bone marrow suppression and peripheral neuropathy.  Adverse 
events seem to be related to the cumulative trough dose, and there are clinical trials 
trying to establish the optimal dose of LZD, including every-other-day dosing strate-
gies.  For now, the most commonly used dosing strategy is to start with 600mg daily and 
decreased the dose to 300mg should toxicity occur.  LZD should not be used with anti-
depressants of most classes, as this can precipitate serotonin syndrome.

The drug is available as a 600mg tablet with a shelf-life of 3 years.  The half-life of 
linezolid is 5-7 hours.  It can be safely given to children as well as to pregnant and 
breast-feeding women.  When used in the elderly, the rates of peripheral neuropathy and 
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bone-marrow suppression may be increased.  The drug can be given safely with ART.  It 
is used for the entire duration of the treatment course.

BDQ CFZ DEL LZD
Dose 400mg daily for 2 

weeks followed by 
200mg three times 
a week

100-200mg daily 100mg twice 
daily

600mg 
daily (with 
decrease to 
300mg if 
side effects); 
optimal dose 
still being as-
sessed

Duration 24 weeks Entire course of 
treatment

24 weeks Entire course 
of treatment

Half-life 150 days 70 days 38 hours 5-7 hours

Shelf-life 2 years 5 years 4 years 3 years

Adverse events QTc prolongation, 
LFT abnormalities

Skin discoloration, 
abd pain, QTc 
prolongation

QTc prolonga-
tion, worse with 
low albumin

Neuropa-
thy, marrow 
toxicity, optic 
neuritis

Type of evidence Phase IIB Randomized, non-
placebo controlled 
trial

Phase IIB Delayed start 
randomized 
trial,mostly 
observational 
observational

Use with ART Not with EFV Yes Yes Yes
Children Not assessed Yes Yes, ages 13 

and above
Yes

Pregnant/breastfeeding Not assessed Yes Not assessed Yes
Cross-resistance CFZ BDQ Other

nitroimidazoles
(i.e. PA-824)

Other
oxazolidinones

Current costs (USD) 
and accessibility 

GDF; per 6 month 
patient course 900 
for low-income 
countries, 3000 
for middle income 
countries

GDF; 1-3 per 
100mg tablet; 
global stock outs 
common

Not widely 
available; costs 
not yet known

GDF; 7 per 
600mg tablet

Other comments Higher mortality 
rate seen in patients 
given BDQ in the 
registration trial; 
this was not felt to 
be drug related

Table 1 summarizes the characteristics of the 4 most commonly used new and repurposed drugs
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Diagnosis and Patient Selection 

Diagnosis

Current WHO recommendations are that the new drugs (BDQ and DEL) be used as part 
of a combination treatment regimen in settings where there is resistance or intolerance 
to an aminoglycoside, a fluoroquinolone or both.  WHO also recommends the drug be 
used in patients with other types of second-line drug resistance.  While neither LZD nor 
CFZ have such a detailed indication, they are recommended as additional agents to be 
used with there is resstance to second-line drugs.

Thus, access to rapid SLDST is a key part of initiating the new and re-purposed drugs 
and ensuring patients can access them as quickly as possible, in order to avoid resis-
tance amplification, ongoing transmission, and worsening parenchymal damage.  Many 
countries are establishing SLDST in liquid culture, although these results can take some 
time to be received from the lab and acted upon (lab time along can be 4-6 weeks).  The 
HAIN SLDST can be used to obtain information more rapidly on resistance to INH, RIF, 
the injectables and the FQs, and the newer platform can be done on sputum samples, 
even if they are smear negative.  Xpert MTB/RIF is also developing an expanded car-
tridge that can test for resistance to to INH, KM, and the FQs which is currently undergo-
ing validation and may be in use in 2016.  These cartridges will function in the existing 
Xpert machines.  
 
One problem with the rapid tests is that they are good “rule in” tests for resistance but 
not good “rule out” tests.  That is, if the test says there is resistance detected, then resis-
tance is likely there.  However, because of the multiple mutations that can cause resis-
tance to the FQs and injectables, if the test says resistance is not detected, it does not 
mean resistance is not there.  Thus patients who do not have resistance on the molecu-
lar tests will still need to undergo culture-based DST to definitely prove resistance is not 
there.

Another issue is that many settings do not have access to rapid tests for the detection 
of SLD resistance.  BDQ and DEL can be used in these settings while awaiting culture-
based DST if the patient is high-risk for having resistance to an injectable, FQ or both.  
This population would include any patient who had received these drugs for 30 days or 
more, any patient who is a contact for a patient with resistance to these drugs, and any 
patient coming from a high risk epidemiologic setting.  Care should be taken to not add 
a single drug (DEL or BDQ) to the regimen if culture-based DST returns with resistance 
to an FQ or injectable.  Additional recommendations on this population are in the clinical 
care section below.
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Figure 1 shows a possible algorithm to follow when attempting to diagnose SLD resistance.

Figure 1: Algorithm for SLDST

Patient with suspected TB

Assess for risk factors for 
XDR-TB (contact with known 
or suspected SLD resistance,, 
prior treatment with SLDs, 

MDR-TB failure)

If resources allow, send for 
Xpert, HAIN FLDST and 

SLDST and culture for FLDST 
and SLDST

If resources limited, send Xpert 
MTB/RIF

If risk factors present, 
consider empiric treat-

ment with new/repurposed 
drugs while awaiting 

results.  In high risk pa-
tients, consider continuing 

treatment even if mo-
lecular tests show no SLD 
resistance present while 
awaiting culture results

SLD resistance detected on 
ANY test

Treat with new and 
re-purposed drugs

Carry out
SLDST

SLD
Resistance
detected in 
ANY test

RIF
resistance
detected

RIF
resistance

not
detected
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As a key point, patients likely to have resistance to an injectable or FQ or both can be 
started on BDQ or DEL even in the absence of confirmed DST, including persons who 
have received these drugs in the past, persons with contacts who are resistant to these 
drugs, and persons failing MDR-TB treatment.

It is also important to consider the possibility of resistance amplification that can oc-
cur if a patient is placed on inadequate (i.e. less than 3 effective drugs or the use of less 
potent drugs) therapy while awaiting the results of DST.  In patients in whom amplifi-
cation may have occurred (i.e. 2-4 weeks of treatment while waiting for results), addi-
tional new or repurposed agents may need to be added to the final treatment regimen.

Care should be taken when interpreting DST results that take weeks to months to ob-
tain from the time the sample was sent.  If the patients received therapy in the mean-
time, result interpretation must take into account possible development of additional 
resistance.

Box 1: Avoiding Amplification and Misinterpretation of Results

Case Example 1: Diagnosis

MR is a 36 year-old man whose brother died while on treatment for MDR-TB.  His 
brother’s regimen consisted of KM-LEvo-Ethio-CS-and PZA.  MR is so busy caring for 
his brother in the one-roomed shack, that he does not know his health is declining until 
he begins coughing blood in the night.  He presents to the health center with cough, a 7 
kg weight loss, and a cough productive of bloody sputum.

He is seen by a clinician there and TB is suspected.  He undergoes GeneXpert test-
ing the next day his sputum results show that there is TB and RIF resistance is testing.  
His providers decide to start him on the standard retreatment regimen, even though his 
brother died while on treatment for DR-TB.  His sputum is sent for routine culture and 
DST to the FLDs.  Four weeks later the sputum comes back with resistance to INH, RIF, 
EMB, and SM.  He continues to cough and lose weight and presents to the hospital with 
massive hemoptysis. 

While there another sputum sample is taken and sent for SLDST as his physician notes 
his lack of improvement coupled with his contact history.  Results show he is resistant 
to KM, LFX, and Ethio.  He continues to decline during this period and dies the day his 
physicians decide to start treatment for XDR-TB.
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Patient selection

The new and re-purposed drugs for treating DR-TB should be considered for use in all 
patients with DR-TB, as this is how they were assessed in clinical trials.  Because many 
countries cannot afford these drugs for all patients, the drugs are usually used in patients 
who have intolerance or resistance to the injectables,the fluoroquinolones, or both.  It 
is important to mention, however, that reserving these drugs for only the most resistant 
cases will not likely lead to positive results.

Because the studies of BDQ and DEL only included individuals with pulmonary disease 
between the ages of 18-65 years, this is the population for whom the drugs are licensed 
and recommended.  However they can be used in other populations if the likely benefits 
outweigh the risks. 

LZD and CFZ can be used in all patients.  In terms of BDQ and DEL, there are some 
absolute contrainidications for use of the drug (i.e. the drug should not be used in these 
patients), some relative contrainidications to these drugs in which they should be used 
with caution, and some populations in which increased monitoring is required.  These 
are reviewed in the box below.

•  These ABSOLUTE CONTRAINDICATIONS are: patient refuses to consent, patient has    
    an allergy to either medication, or patient has a history of certain cardiac 
    complications, including a QTcF>500ms, a history of Torsades de Points, a history of         
    ventricular arrythmias, or a history of known severe cardiac disease

•  The drugs should be USED WITH CAUTION in persons under the age of 18 and over   
    the age of 65, patients who are pregnant or nursing, patients with renal and hepatic      
    impairment, and with certain antiretroviral medications

•  Prior to initiating either drug, ensure the electrolytes are normal and the LFTs are< 3       
   times the upper limits of normal.

•  Prior to initiating DEL, ensure that the albumin is 2.8 g/dL or higher.

•  Minimize the use of other QTc prolonging agents as much as possible when using   
    either BDQ or DEL

Even though specific guidance has not been issued on the use LZD in these settings, 
the drug can be toxic to the bone marrow and should be avoided in patients with a plate-
let count below 75,000/mm3 or a hemoglobin of less than 8g/dL



Other second-line drug resistance and the use of new and re-purposed drugs

Because the injectables and fluoroquinolines are felt to be the most effective of the 
second-line drugs, resistance or intolerance to either of these is felt to be enough to 
consider use of the new drugs in combination with others to achieve better outcomes. 
If there is susceptibility to these two agents but resistance to other SLDs (i.e. ethion-
amide, cycloserine), the WHO recommends using new drugs, only if there is resistance 
or intolerance to “two or more”.  There is unclear evidence for this recommendation, and 
programs may want to consider using the new or re-purposed agents if there is resis-
tance or intolerance to any SLD, depending on the outcomes in their program as well as 
the clinical status of each patient.

This recommendation likely relates to the cost issues of the other SLDs (cheap) com-
pared with the new and repurposed agents, although the cost of a patient being lost to 
follow up and continuing to transmit in the community is also very high.  In addition, the 
SLDST for ethionamide, cycloserine, and PAS is somewhat unreliable.  However, in a 
setting of poor outcomes and in which these second-line drugs have been widely used, 
programs could consider using new and re-purposed drugs to improve the outcomes of 
individuals with other forms of SLD resistance, even if it is only to a single agent.  The 
WHO guidance on DEL specifically supports this, in that they recommend DEL be used 
in patients with a risk of poor treatment outcomes.

A key point is that saving the new drugs BDQ and DEL for only “the most resistant” 
patients or the “most desperate cases” will result in poor outcomes and is likely NOT 
the best way to maximize the benefits of these drugs

Box 2: Optimizing the use of new and repurposed drugs

14   Diagnosis and Patient Selection 
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Treat without BDQ 
or DEL and 

monitor

Does patient have an indication for BDQ/DEL?
Resistance or intolerance to an injectable;
Resistance or intolerance to a quinolone;
Resistance or intolerance to another SLD;

XDR-TB;
Risk of poor clinical outcomes (DEL*)

Is patient older age 65 years?
Is patient younger than 18 years?

Does patient have HIV?
Is patient pregnant or nursing

Yes

BDQ and DEL have not been 
tested in clinical trials in these 

populations, although BDQ has 
been used in persons with HIV 
and DEL in children 13 years 

and older.

If there are no other options, 
consider BDQ or DEL after 

consultation with expert team 
and patient consent

BDQ and DEL have not been 
tested in clinical trials in these 
populations and may increase 

the risk of adverse events

Take action to correct these 
and consider BDQ or DEL if 

there are no other options after 
consultation with expert team 

and patient consent

Does the patient have renal or hepatic disease or 
abnormalities?

Does the patient have a QTc greater than 500ms?

Does the patient have low levels of potassium or 
magnesium?

Does the patient have an allergy to 
BDQ or DEL or a documented 

cardiac arrhythmia?

Has proper informed consent been 
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DR-TB 

Figure 2 shows an algorithm on careful patient selection

Figure 2: Implementation Tool: Careful Patient Selection
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Case Example 2: Patient Selection

RP is a 66 year-old man with HIV disease who is diagnosed with RIF-resistant TB after 
presenting with productive cough and back pain for 2 months.  As per national protocol, 
his sputum is sent for testing to FLDs and also sent for the Lineprobe assay for resis-
tance to KM and LFX.  He is started on a regimen of KM-LFX-PZA-CS-PAS-Ethio and 5 
days later his SLDST results from the lineprobe show resistance to LFX.

He is presented for BDQ consideration but because he is 65, he is deemed to be ineli-
gible for treatment with BDQ. Instead, his regimen is changed to include CM-Moxi-PZA-
CS-PAS-Ethio-HD-INH-Amoxi/CLV.  LZD is considered but not administered because of 
his “advanced age.”He continues to deteriorate and leaves therapy to go home “and die 
in my house.”  His 30 year-old son is worried but agrees to care for him at home.  As part 
of the home assessment, the son undergoes routine contact screening, and is found to 
have findings consistent with TB.  His Xpert is positive and shows RIF-resistance.  Given 
his contact history, he is started on a regimen containing BDQ-CM-LFX-PZA-CS-Ethio-
and LZD.  He begins to improve and his able to bury is father when the father dies at 
home 3 months later.  The son is ultimately cured of his presumed XDR-TB.

Routine baseline and follow-up testing

In addition to the microbiological tests recommended above, a number of other labora-
tory tests for patients initiating new and re-purposed agents may be necessary to ensure 
the drugs are used in an optimal way.  In addition to the standard PMDT testing panel, 
the following evaluations are also recommended:

1) A baseline 12-lead ECG to assess for arrhythmias, calculate QTc interval, and have a 
comparison prior to starting treatment should the patient develop problems in the future;

2) A baseline lipase has been recommended for patients to be started on BDQ, but it is 
unclear how useful this test will be in the absence of symptoms.  In settings with ac-
cess to routine lipase, all patients could undergo this baseline test.  However, it is may 
be necessary to check this only in patients with signs and symptoms of pancreatitis (i.e. 
nausea, vomiting, severe abdominal pain);

3) The drug DEL is metabolized by albumin, and higher rates of AEs, most notably QTc 
prolongation, have been seen in patients with low albumin (i.e. <2.8gm/dL).  Thus a 
baseline albumin is recommended for patients who need DEL, and aggressive nutritional 
support given to those whose albumin levels 3.0 and below;

4) A low potassium, low magnesium, and low calcium have been associated with a risk 
of fatal arrhythmias in patients with QTc prolongation.  Thus it is recommended these 
tests be evaluated and electrolytes supplemented as needed.  If testing for magnesium 
or calcium is not available, checking just the potassium is reasonable, and if low, supple-
mentation of all 3 agents should be pursued;
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5) Patients being considered for LZD should have a baseline complete blood count as-
sessed.

Location of care

Because the new and re-purposed drugs have only been given to a limited number of 
patients, many experts and programs feel more comfortable hospitalizing patients for a 
certain period of time.  Much of this concern centers around the possible ECG abnormal-
ities that have been associated with the new drugs and some of the re-purposed drugs 
(i.e. CFZ).  It is important to note, however, that the BDQ, DEL, and CFZ—all of which 
have been associated with QTc prolongation—take several weeks to reach their steady-
state concentrations, and thus the QTc prolongation risk may not be apparent early in 
the course of therapy. If hospitalization is to occur for reasons for cardiac safety, there 
should be access to a defibrillation (a simple automated one would suffice) should a fatal 
arrhythmia develop.  Details about QTc management are discussed in the section in AE 
management.

If there is sufficient adherence support, patients can be treated with new and re-pur-
posed drugs in the community setting, provided they can access appropriate care after 
hours should need be.  Hospitalization of patients receiving new and re-purposed drugs 
may contribute to nosocomial transmission and may be associated with higher costs and 
increased stigmatization for patients and program.  For these reasons, unless there is a 
clear medical need for hospitalization, patients receiving BDQ, DEL, LZD or CFZ can be 
started on treatment in the outpatient setting, provided there is close community monitor-
ing and follow up.  This is in keeping with the important PMDTachievements in decentral-
ized care over the past decade.

Most countries and programs have existing clinical review committees or expert pan-
els who meet to discuss difficult cases and to offer one another support.  Some of these 
meetings may take place in person, but many meeting via email, conference calls, etc., 
in order to be able to provide relevant feedback in a timely fashion.  Such groups could 
discuss the cases in which the new drugs and re-purposed drugs are being consid-
ered to ensure there is consensus on the management of patients.  Given the airborne 
nature of the epidemic and the need to rapidly respond to patients, these committees 
should have an expedited mechanism for clinical decision making.

In reviewing patients who may need new or re-purposed drugs, clinical review com-
mittees can also play other key roles, including:

Box 3: Clinical review committees
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Case Example 3: Screening

PR is a 32 year-old woman who is diagnosed with primary XDR-TB 8 weeks after pre-
senting to her health center complaining of cough, fever, and nightsweats.  She had 
migrated to a high-burden DR-TB country for work, and her physician sent her sputum 
for Xpert MTB/RIF as well as for first- and second-line DST.  The decision is made to 
place her on a DEL containing regimen, but her baseline albumin is 2.3 gm/dL and her 
QTc interval is slightly prolonged at 490msec.

Her physician starts her on aggressive protein and calorie supplementation and finds 
out that she just completed malaria treatment.  She repeats the ECG in 2 weeks and 
finds that the QTc has normalized.  The patient has also gained 1.5kg.  She is started on  
DEL-containing regimen and does very well, ultimately being cured of her XDR-TB. 



Regimen Composition and Design

In general, the use of new and repurposed agents follows similar principles to the design 
of regimens for general DR-TB treatment.  A minimum of 4 agents to which the strain is 
likely to be susceptible should be used, although this may be more challenging in pa-
tients with resistance to SLDs.  At a minimum, 3 new agents should be used for treat-
ment.  Principles of regimen design are summarized in the algorithm in Figure XX and in 
the summary below:

•  Never add either BDQ, DEL, LZD, or CFZ as a single drug to a failing regimen

•  If patient is culture negative, and the new drugs are being SUBSTITUTED for    
   toxicity reasons, can make a single drug substitution

•  If the patient is failing a current MDR-TB regimen, need to add at least 3-4 new   
   drugs, including BDQ or DEL

•  There is no data yet on the use of BDQ and DEL given in combination.  If these   
   two drugs are to be considered in combination use for patients with extreme      
   resistance, the case should be reviewed by the clinical expert committee prior    
   to initiating treatment.

•  Use with caution with other drugs that can prolong the QTc interval (i.e. moxi   
   floxacin, clofazimine)

•  Backbone regimen of new drug (BDQ or DEL), linezolid, CFZ, and PZA

•  Other possible agents could include imipenem+ amoxi/clv  (requires placement   
   of medi-port), clarithromycin (evidence of inducible resistance and also pro   
   longs the QTc), any other SLD to which susceptibility is likely

•  Use of moxifloxacin controversial as it prolongs the QTc interval; should be considered    
   if there is evidence for susceptibility or if susceptibility is likely.  Of note, expert opinion    
   on the inclusion of moxifloxacin in regimens containing BDQ or DEL and a third QTc 
   prolonging drug (i.e. CFZ) vary widely.  Some experts favor using LFX if there are 2 
   other QTc prolonging drugs.  Others feel moxifloxacin is potent enough to justify the 
   risk and the inclusion of a FQ in treatment is associated with better outcomes (al
   though this may not reflect actual therapeutic benefit of the drug). It is recommended 
   that the decision over which FQ to use and for how long be decided on a case-by-case 
   basis.
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The nine month (“Bangladesh”) regimen is being introduced under operational re-
search conditions in many settings.  This regimen contains CFZ, but a programmatic 
approach introducing this regimen and the new drugs/LZD could be operationally 
attractive to programs. These two strategies can be complementary, as the 9 month 
regimen is likely to be of limited utility in patients with resistance to the FQ or inject-
able.  In some settings, all patients with RR-TB undergo rapid screening for FQ and 
KM resistance (HAIN Lineprobe Assay); those with no resistance receive the 9 month 
regimen and those with resistance to either or both receive either BDQ or DEL

Box 4: New drugs and the 9 month regimen
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Figure 3: Implementation Algorithm: Using Bedaquiline or Delamanid 
in WHO-Recommended Regimen
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Length of regimen

Both DEL and BDQ were tested in 6 month trials and are recommended for the first 6 
months of therapy only.  However, in the phase IIB non-randomized paet of the DEL trial, 
DEL was given in research conditions for up to 8 months.  In this study, 6 months cho-
sen for ease of endpoint analysis.  In patients with resistance or intolerance to multiple 
second-line or BDQ or DEL could likely be used for longer periods of time, but this deci-
sion should be made on  a case-by-case basis.  Of note, several patients receiving BDQ 
under compassionate use have received more than 6 months of treatment, and DEL has 
been given for up to 8 months in some of the patients in their registration trial.  Both the 
STREAM 2 and NIX clinical trials, which have been approved for study by stringent eth-
ics committees, allow for the use of BDQ for 9 months.

BDQ or DEL?

Since BDQ and DEL have not been tested in combination, there can be no recommen-
dation made about their use together for the treatment of DR-TB.  In some settings, pro-
viders will find themselves having to decide which agent to use.  Complicating this mat-
ter is that there have been no head-to-head comparisons of the two drugs.  The clinical 
trial designs and results show more evidence supporting the efficacy of BDQ; in terms 
of safety, however, DEL is felt to be safer as it was not associated with a higher mortality 
(although the study design after 8 weeks of administration was not randomized).

At the time of this writing, access to DEL is extremely limited, and thus most patients will 
receive BDQ for logistical reasons.  However, in places where there is access to both, 
the following criteria for choosing one over the other could be used.  It must be noted, 
however, that there have been NO studies comparing the two drugs head-to-head.  Fur-
thermore, the writing team for this field guide have very limited experience with DEL; as 
experience grows, these recommendations may change.

•  Use BDQ if patient has a history of DEL use, PA-824 use, or allergy to DEL

•  Use DEL is patient has a history of BDQ or CFZ use (cross-resistance) or an allergy to   
   BDQ

•  DEL likely has fewer interactions with ART than BDQ and may be the drug of choice in   
   settings with high rates of HIV, although DEL has not been used widely in this 
   population

•  DEL has been assessed in pediatric populations and the PK parameters among older 
  children (>13 years) and known.  The safety of the drug is also being assessed in 
  younger children, and DEL is available as a scored and dispersible tablet.

•  DEL is recommended by the WHO for patients who have a “high risk ” of poor clinical     
  outcomes. There is no specific guidance on how to define high risk, but this could 
  include patients with advanced disease, HIV, low body mass index, resistance to one of 
  the group 4 drugs, etc..
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See Figure 4 for a simplified flow chart for choosing one drug over the other in settings where both are available. 

Figure 4: Bedaquiline or Delamanid: Making A Choice if Both are Available
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Regimen Composition and Design   23          



Of note, the WHO guidelines recommend that DEL be used in any patients who are “at 
high risk of poor clinical outcomes.”  This is because the drug is felt to be safer than 
BDQ and this recommendation follows more closely the way both new drugs were tested 
in clinical trials (i.e. added on to standard multidrug therapy as opposed to being used 
only patients with higher degrees of drug resistance or intolerance).  Some specific risk 
groups could include patients with HIV, patients with extensive lung disease, patients 
with low BMI, or patients who come from settings where there are high rates of resis-
tance to any SLD.  There are no more specific guidelines available on this recommenda-
tion, and decisions will need to be made on a country-by-country basis.

Recommended Backbone XDR-TB Regimen

Patients with XDR-TB will likely benefit greatly from the use of new and repurposed 
agents.  In such cases, each regimen will need to be individualized to ensure the highest 
likelihood of success.  In most cases, the regimen will be based on the following back-
bone:

BDQ (or DEL)-LZD-CFZ-PZA

PZA is included in this regimen because there may be some synergy when the drug is 
used with BDQ, even in the setting of phenotypic resistance.

Other drugs can be added based on the patient’s history and DST results.  In general, 
if there is evidence of susceptibility, an injectable agent should be used.  A quinolone 
should be considered for use but care must be taken in selection of the specific quino-
lone.  While there are data to support the better efficacy of moxifloxacin over levofloxacin 
for resistant strains of TB, moxifloxacin has been shown to both prolong the QTc interval 
and cause Torsades de Points.  Ongoing trials may provide additional evidence to sup-
port decision making in this setting, but many programs opt to use high-dose levofloxa-
cin under these contdition. 

Drugs with limited evidence for their efficacy may need to be selected, most notably the 
carbapenems.  This class of agents has been used in combination regimens with some 
success in Armenia and is an option if there are no other drugs.  There may be logistical 
challenges in the administration of the carbapenems, as they must be given IV, must be 
given with amoxicillin-clavulanic acid as they cannot kill M. tuberculosis without clavula-
nate, and they usually require the placement of a central IV line since they must be given 
long-term.  In patients with limited options, however, these agents have been used suc-
cessfully in program settings and should be considered in the treatment of XDR-TB.
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Case Example 4: Regimen Design 1

TM is a 21 year-old woman who is failing current therapy for MDR-TB.  She has a history 
of previous treatment but became lost to follow-up when her sister died and she had to 
move to take care of her sister’s children.  She continued to cough and lose weight and 
eventually presented to a regional health center.  There, an Xpert MTB/RIF was positive 
and RIF resistance was detected.  She was started in treatment with KM-LFX-PZA-PAS-
Ethio and in spite of good adherence she continues to be smear and culture positive 
after 5 months of treatment with signs and symptoms of deterioration.

Sputum is taken for full DST to the first- and second-line drugs, but the culture becomes 
contaminated and another sample is sent with the same problem occurring.  Her physi-
cians are watching her physically decline and after her 6 month of MDR-TB treatment, 
they decide to start her on an empiric XDR-TB regimen.  After normal baseline testing 
she is given BDQ-LZD-CFZ-PZA-LFX-CS-and PZA.  No DST is ever reported back.
She does well on this regimen and is eventually cured of her presumed XDR-TB.  When 
her three-year old nephew falls ill, he is also treated for XDR-TB but given DEL instead 
of BDQ because of his age.

Case Example 5: Regimen Design 2

PJ is a 43 year-old man who works as a school teacher and is on treatment for MDR-TB 
with a regimen consisting of KM-OFX-PZA-CS-Ethio.  At the third month of therapy, he is 
smear- and culture-negative but begins to notice buzzing in his early.  He describes the 
symptoms to his physician who switches his KM to CM, but the buzzing gets worse and 
he begins to have trouble hearing.  His physician decides to discontinue the injectable 
and instead substitute it with BDQ, given the severity of the hearing loss.  The patient 
does well but has lost so much of his hearing that he can no longer work as a teacher 
and loses his home.  His physician is happy the man is cured of his DR-TB but wishes 
he had stopped the KM and started BDQ sooner, as this could have had a major impact 
on the patient’s life.
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Special Populations 

Children

In general, children have not been included in clinical trials of DEL and BDQ that were 
used to register the drug and thus there is limited information about the long-term safety 
and PK of these new drugs in children.  LZD and CFZ have been used in children, but 
there are currently no formal studies on their PK and safety (although LZD PK studies 
are currently being carried out at the Desmond Tutu TB Center in Cape Town).

Children, however, are often desperately in need of these drugs, especially in settings 
where rates of primary transmission of resistant strains are high.  Thus, programs must 
weigh the risk of using these medications in children or letting them die of untreated 
or poorly treated DR-TB or lose their hearing to the injectable agents—which can be a 
disaster for child development.

DEL is being tested for PK and safety in children and has been given for compassion-
ate use in children as young as 13 years. For this reason is preferable to BDQ.  There is 
also a pediatric formulation of DEL available, which comes as a 50mg scored, dispers-
ible tablet.

Recommendations for pediatric dosing are below, although these have not be confirmed 
with intensive PK studies.

Table 2: Pediatric doses of new and re-purposed drugs

Drug Recommended Dose Comment
DEL Age bands:

13 years and above: same as 
adult dose
6-12 years: 100mg/daily
2-6 years: 50mg daily
0-2 years: Not yet established

Currently being assessed

BDQ 6mg/kg loading dose daily for 
2 weeks followed by
3mg/kg thrice weekly

This is based on current dosing with an adult weight 
of 65 kg estimated

LZD 10mg/kg/daily Available as a suspension
Could be divided into 3 separate doses 

CFZ 1 mg/kg daily Comes as capsule or gel cap of 50 or 100mg; con-
sider compounding.  Gel caps cannot be split, but 
could be given every other day if need be with the 
dose averaged
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Case Example 6: Children

MB is a 5 year-old child whose mother died of TB while on treatment for MDR-TB.   Her 
full DST results—available only after her death—showed she had XDR-TB, with addi-
tional resistance to Ethio, Moxi, and all the injectable agents.

A post-exposure visit to the house is made by a nurse who took care of his mother, and 
she notes that MB has swollen lynph nodes in the neck and has fallen precipitously off 
his growth curve.  He is also coughing.  A lymph node aspiration is done and sent for 
culture and an induced sputum sent for Xpert MTB/RIF which comes back as “saliva”.

The decision is made to start MB on empiric XDR-Tb treatment when he becomes short 
of breath and oxygen dependent.  His physician constructs a regimen based on the re-
sistance pattern of his mother, which includes CS-PAS-LZD-PZA-CFZ.  Given the sever-
ity of the child’s illness and the concern about resistance to both PZA and CS, the physi-
cian wants to add one of the new drugs to the regimen.  He is able to get DEL and starts 
it at a dose 50mg once daily.  MB rapidly improves and is cured of his TB, although he 
does have some residual peripheral neuropathy from the LZD.

Adolescents

Adolescents (those ages 13 years and above for the purpose of this handbook) have not 
been included in clinical trials, usually because obtaining consent can be problematic 
and many groups do not wish to invest the extra time needed to get approval to include 
adolescents in their trials.  DEL can be used in children ages 13 years and older, and 
it is also likely the BDQ can be used safely in this population as well.  Of note, adoles-
cents may need additional adherence support and are at high risk of “falling through the 
cracks” at each step of the DR-TB cascade.

Case Example 7: Adolescents

ZD is a 16 year-old girl who lives with her 3 sisters ages 22, 20 and 19.  Their parents 
both died of XDR-TB, and all four girls have signs and symptoms of TB.  Xpert MTB/RIF 
shows resistance to RIF, and all four girls have sputum sent for SLDST.  Their physicians 
fear the worst and start all four girls on an XDR-TB regimen consisting of LZD-CFZ-PZA-
PAS-CS-and Ethio.  ZD’s older sisters all get started on BDQ as well, but the drug is not 
given to her as she is “not yet 18.”  Despite multiple attempts, the program refuses to 
give her BDQ because of her age.  After 4 months on therapy, and while watching her 
sisters all get better, ZD dies of complications for XDR-TB.

Special Populations   27          



Elderly

Persons over the age of 65 years were left out of the clinical trials and many compas-
sionate use programs, but DEL and BDQ could be used in this population, provided 
there is no active congestive heart failure or severe coronary artery disease.  LZD has 
been used in this population, although rates of adverse events are likely to be higher, 
especially bone marrow toxicity.

HIV

In some regions of the world, a vast majority of persons with DR-TB also have HIV, 
and most phase III trials go to great lengths to include populations of patients with HIV.  
However, the numbers of HIV-infected patients included in the BDQ and DEL registra-
tion trials was limited, and for this reason, both drugs are recommended to be used “with 
caution” in persons with HIV. In fact, given the higher rates of morbidity and mortality 
seen in persons with HIV, it is imperative that the new and repurposed drugs be used 
in this population.  The expanded access program for BDQ has allowed for a significant 
number of patients with HIV and on ART to be given this drug and it has been shown to 
be safe and effective.

The real concern over the use of the new and re-purposed drugs is the selection of ART.  
Care must be taken to avoid drug-drug interactions that could lower the doses of the TB 
drugs or the ART.  Care must also be taken, whenever possible, to avoid overlapping 
toxicity.

The following principles should be followed when selecting new and repurposed TB 
drugs and ART

•  DEL can be used with most ART regimens

•  EFV can decrease levels of BDQ;

•  BDQ is not recommended to be used with PI-containing regimens:

•  Patients on BDQ will need to be on NVP while on BDQ.  Once BDQ has been stopped,  
   EFV can be restarted without a washout period, since it is EFV that lowers BDQ con  
   centrations and not vice-versa

•  Integrase inhibitors can be used with either drug, although they are not accessible in 
   many places

•  Neither LZD nor CFZ appears to have any drug-drug interactions with ART
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Table 3 below list possible overlapping toxicities with the new and repurposed TB drugs 
and ART

Bone
marrow 
toxicity

Peripheral 
neuropathy

QTc 
prolongation

Hepatotoxicity GI issues 
(nausea, 
vomiting, 
pancreatitis)

BDQ X X X
CFZ X X X
DEL X X
LZD X X X
NVP X X
EFV X X
Lopinavir/ritonavir X X X
TDF X X X
AZT X
3TC X
D4T X X X

If BDQ is being used, the patient will need to be on NVP or lopinavir/ritonavir-based ART.  
If the patient is not yet on ART, then a NVP-based regimen should be started, regardless 
of CD4 count.  If the patient is already on ART and it is NVP or lopinavir/ritonavir-based 
no changes are needed.  If the patient is on EFV, then a viral load should be assessed.  
If the VL is undetectable, the the patient can be switched from EFV to NVP while he or 
she is on BDQ and then put back on EFV as soon as BDQ is complete.  If the VL is de-
tectable, the patient should be switched from EFV to lopinavir/ritonavir and continued on 
this regimen.  Of note raltegravir regimens can also be used with BDQ.

An algorithm for the management of patients with HIV is provided on the next page.

Special Populations   29          



Figure 5: Management of HIV Co-Infected Patients
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Case Example 8: HIV

PR is a 23 year-old man with HIV, last CD4 count of 72 who has been on ART for one 
month with TDF-3TC-EFV.  He does well initially but then within 3 weeks of starting ART 
he develops signs and symptoms of active TB.  A rapid test shows him to have resis-
tance to INH and RIF and he is started on an MDR-TB regimen with KM-LFX-Ethio-CS-
PZA.  He starts this regimen and has some minimal relief of symptoms, but his sample 
was also sent for SLDST and shows resistance to KM.

He is started on a new regimen on BDQ-CM-Moxi-LZD-CS-PAS-PZA-Ethio.  Moxi is 
included on the chance that FQ resistance was not detected but mat still be present in 
phenotypic testing There is no DEL available in the country.  Consideration is given to 
CFZ but his physicians do not want to have him on 3 drugs that could prolong the QTc 
interval.  His EFV is changed to NVP given the drug-drug interactions with EFV and BDQ 
and the fact that his CD4 count was low. 

He does well on this regimen, and after completing 24 weeks of BDQ, his NVP is 
switched back to EFV.  He is cured of his XDR-TB and his HIV remains well controlled, 
with an increase in his CD4 to 398.

Pregnancy and breastfeeding

There are no data on the safety of the new drugs on developing fetus or on breastfed 
children.  Animal studies with BDQ showed no signs of reproductive toxicity. DEL studies 
in animals have shown signs of rreproductive toxicity.  LZD can be used safely in preg-
nancy and breastfeeding.  Because CFZ accumulates in the lipids, it will be passed on 
during breastfeeding. When a woman who is pregnant or breastfeeding is in need of new 
drugs, program must weigh the risks and benefits of using the drugs versus the risks of 
untreated or under-treated DR-TB in the woman.  Clinical expert committees can help 
make decisions in this population.

As with all PMDT, birth control should be offered to women free of charge as part of 
routine management.  There are very limited data on the interactions with different forms 
of contraceptives and the new drugs.  If a woman is on a BDQ containing regimen, and 
becomes pregnant, the long half-life of this drug should be considered when trying to 
decide whether or not to continue therapy.  In many cases, the woman may already be 
past her first trimester of pregnancy and even if the drug is stopped, it will persist in the 
serum for up to 6 months.
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Case Example 9: Pregnancy

LK is a 30 year-old woman who is diagnosed with XDR-TB and started on a regimen of 
LZD-CFZ-BDQ-Ethio-PAS-CS-and PZA.  She has extensive lung damage but begins to 
feel better n treatment.  She routinely receives injections for family planning, but on her 
last three visits to her health center, they have had no birth control available at all.
Her periods have been quite irregular since her diagnosis of TB, and she is not worried 
when she misses 3 periods in a row.  When she notes weight gain in the abdomen and 
breast swelling and tenderness, she presents to the health center where she is found to 
be pregnant.

She is immediately sent to her MDR-TB hospital where the pregnancy is confirmed.  Her 
physicians are worried given the lack of safety data on BDQ in pregnancy.  They discuss 
the case at length with the patient and her mother and review the risks of continuing 
BDQ versus the risks of stopping the drug in a case like hers with high-level resistance 
and massive lung destruction.  

After explaining that the fetus will continue to be exposed to BDQ given its long half-life, 
even if the drug is stopped today, the patient and her mother decide to continue with 
BDQ for the full 24 weeks.  The pregnancy is reported to the National TB Program as 
part of BDQ monitoring. Four months later, LK gives birth to a small, but healthy baby 
girl.  She herself has improved and is able to sleep with and breastfeed the baby.

Extrapulmonary TB

EP DR-TB were not included in the registration trials largely because it is difficult to de-
fine outcomes in this population if routine culture specimens cannot be obtained.  There 
is no reason to believe the new and repurposed medications cannot be used in this 
population.

Hepatitis B and C

In some regions of the world, there are significant rates of hepatitis B and C in patients 
who have DR-TB.  There are no data on the safety of efficacy of BDQ or DEL in this 
population of patients.  LZD and CFZ have been used, but there can be overlapping 
toxicity with some of the drugs used to treat hepatitis.  The new protease inhibitors for 
treating hepatitis C have never been used with BDQ and DEL, thus there is no informa-
tion on drug-drug interactions.  If patients with hepatitis B or C meet the criteria for using 
one of the new drugs, care should be taken to ensure there is no acute liver problem 
and that the transaminases are < 3 times the upper limit of normal and the bilirubin < 1.5 
times the upper limit of normal when starting the drug.  More frequent monitoring of liver 
function tests may also be needed.  Clinicians will need to weigh the risks of untreated or 
poorly treated drug-resistant TB versus the risk of hepatotoxicity when making a decision 
about using BDQ or DEL.
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Substance users

Many patients with DR-TB suffer from alcohol and substance use.  Such individuals were 
not included in the clinical trials of these new and re-purposed agents, and thus there 
is limited use on their safety.  While all attempts should be made to offer persons with 
alcohol or substance abuse effective drug treatment, the use of the new and re-purposed 
drugs can be introduced in people using alcohol and other substances. These drugs 
should be used with caution in patients with active liver damage, and all substance users 
should undergo testing for hepatitis B and C in regions of the world where these diseas-
es are common.  There may also be a higher risk for QTc prolongation among persons 
actively consuming alcohol, and more frequent electrolyte and QTc monitoring should 
be considered. Substance abusers also need harm reduction and additional adherence 
support
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Monitoring and Management 
of Adverse Events 

Routine monitoring should follow the standard PMDT monitoring recommendations.  In 
addition, the following should be done for patients on new and repurposed drugs:

•  Monthly visits during first 6 months of therapy;

•  QTc monitoring (either 12 lead or handheld) monitoring at weeks 2, 12, and 24 for  
   persons on BDQ, DEL, and CFZ; if therapy is extended beyond 24 weeks, routine QTc 
   monitoring should be done every quarter while the drug is being given;

•  Monthly LFTs for both BDQ and DEL for the first 6 months;

•  Quarterly albumin if on DEL;

•  Monthly CBC  and visual acuity if on linezolid;
   Symptom directed monitoring should be done for patients throughout the course of    
   therapy, including:

•  At each visit, ask the patient if they have had any syncope or palpitations and if so, an 
   ECG should be done;

•  Patients with persistent nausea, vomiting, and/or abdominal pain should have a lipase 
   checked if on BDQ;

Routine tests in addition to standard PMDT assessments are summarized in Table XX 
on the next page.
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Table 4: Recommended monitoring tests for patients on new and re-purposed drugs

Laboratory 
Evaluation

Baseline Week 2 Monthly for
first 6 months

Quar-
terly
for
remain-
der
of 
therapy

Symptom
directed

Liver function tests X X X Nausea, vomiting, 
jaundice, 
abd pain

Lipase Nausea,
vomiting,
jaundice 
abd pain

Potassium X X X QTc 
prolongation, 
cramps, 
palpitation

Magnesium X* QTc 
prolongation, 
cramps, 
palpitation

Albumin X X
CBC X X X X Fatigue, nose 

bleeds, gum 
bleeds, easy bruis-
ing

Visual accuity X X Changes in 
vision, problems 
with color 
perception

12-lead ECG (for 
follow up, digital 
measures of QTc can 
be done instead of 
full 12-lead ECG)

X X X X Dizziness, 
syncope, 
palpitations

*if available; + if needs DEL
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Management of Selected AEs

QTc prolongation

QTc prolongation is being mentioned more and more as an adverse event.  This is due in 
part to the focus on QTc by regulators and researchers.  It is important to know that QTc 
prolongation in and of itself is NOT and adverse event.  Rather, the focus on QTc prolon-
gation is important since it is a RISK FACTOR for developing Torsades de Points (TdP), 
a fatal cardiac arrhythmia.  There are thousands of drugs that prolong the QTc interval, 
but many of them are not associated with TdP nor any clinical cardiac events.  Of note, 
the QTc prolongation with BDQ and DEL was not associated with any clinical cardiac 
complications

In addition to medications, other risk factors for TdP include gender, advanced age, low 
heart rate, electrolyte abnormalities, congestive heart failure, and a genetic predisposi-
tion to developing arrhythmias.  Programs, providers, and patients must weigh the risk of 
QTc prolongation and possible cardiac events with the risks of under-treated DR-TB and 
the risks of the other SLDs.

Patients with QTc prolongation often have vague or no symptoms.  They may present 
with palpitations or a rapid heart rate, dizziness, or syncope.  Any patient with these 
symptoms should undergo QTc evaluation and if prolongation is present, hospitalization 
should be considered.  In addition routine QTc monitoring should be done at the sched-
ule listed above.

Calculation of QTc interval

The QT interval is measured in milliseconds and is defined as the period of time from 
the beginning of the Q wave until completion of the T wave.  See figure XX for a graphic 
representation of the QT interval.  Because the QT interval depends on the heart rate, 
the timing must be corrected (hence QTc), and there are several formulas for doing so, 
each of which has its own limitations.  The most commonly used correction formula is 
the Fridericia formula.

There are ECG machines that can automatically correct the QTc interval and provide a 
reading, although these machines tend to overcall the duration and thus should be cal-
culated manually if QTc prolongation is noted.   There are multiple sites online that can 
correct the QT interval if the RR interval (i.e. heart rate) and the QT intervals are entered 
(http://lifeinthefastlane.com/ecg-library/basics/qt_interval/).  If such resources cannot be 
accessed, the interval can be calculated manually by taking the  measured QT interval 
and dividing it by the cube root of the calculated RR interval (QT interval/3√RR interval)
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Definitions vary depending on gender.  In general, a QTc interval greater than 450 
msec in men and 470msec in women is considered prolonged.  In both genders, a QTc 
interval of 500msec of higher is considered an indication for immediate action.  Of 
note, QTc intervals have diurnal variation, and when possible, should be assessed at 
the same time of day.  Some practitioners have also suggested it is the magnitude of 
change in the QTc interval from baseline and not the absolute QTc interval that may 
put patients at an increased risk for TdP.  Some research protocols note that a change 
from baseline of 30-60msec may be clinically significant, although the precise nature 
of this risk has not been delineated.  Calculation QTc changes from baseline may also 
be more complicated if different monitoring methods are used.

Box 5: Definition of prolonged QTc interval

Handheld Devices for Screening

There are multiple handheld devices that can be placed on the chest and used to obtain 
the heart rate and the QT interval.  These handheld devices may be especially use-
ful in settings where access to 12-lead ECGs are limited.  They can be used by nurses 
or trained health workers for screening, as they tend to overcall the QTc interval.  If an 
elevated QTc interval is noted, then a 12-lead ECG can be done.   Such devices have 
been used in the implementation of the 9 month regimen in Niger.

Some models of these are shown in Figure 6 along with an explanation of the phases of 
the waveform

Figure 6: QT interval

Sample of handheld ECG unit 
(for more information, see 

http://www.ndsu.edu/pubweb/~grier/Compari-
son-handheld-ECG-EKG.html)
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Clinical management

The clinical management of QTc prolongation must take into account many factors.  
Chief among these is that QTc prolongation is only one risk factor for developing TdP, 
and no confirmed clinical cardiac complications have been reported with BDQ, DEL, or 
CFZ in clinical trials not expanded accesses studies reported to date.  Thus, the decision 
to stop a potentially life-saving drug in the setting of QTc prolongation must be weighed 
alongside the risk of other adverse events and that of untreated or undertreated DR-TB.  
The algorithm presents possible management options when there is QTc prolongation 
noted.  In general, the following points should be considered when QTc prolongation is 
seen

•  If the QTc prolongation was detected using a handheld device, a full 12-lead ECG   
   should be done;

•  Repeat the ECG two additional times within 15-30 minutes of one another to confirm  
   the QTc prolongation;  consider discussing with a cardiologist either in local setting or   
   via international consult

•  Assess for symptoms, including dizziness/syncope, palpitations, chest pain, fainting, 
   falling down, fast heart rate: if symptoms are present take urgent action;

•  Discontinue all un-necessary QTc prolonging drugs (i.e ancillary drugs)

•  Check and replete electrolytes (i.e. potassium, magnesium, calcium) 

•  Consider assessment for hypothyroidism as this has been associated with the devel
   opment of torsades

•  If no other options discontinue BDQ, DEL, or CFZ, keeping in mind the long half-life if 
   BDQ and CFZ

•  If symptomatic, consider admission to a facility where defibrillation is available
   If drugs are discontinued, doses changed, or a patient is hospitalized due to the devel  
   opment of QTc prolongation, these changes should be recorded and reported as part  
   of active pharmacovigilance.
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Case Example 10: Management of QTc Prolongation

SS is a 42 year-old male currently on treatment for FQ-resistant TB with a regimen of 
KM-DEL-Ethio-PZA-CS-and LZD.  He has had persistent problems with nausea and 
vomiting and has been given ondansetron.  He had one episode of transient psychosis 
after 1 month on therapy and was started on haloperidol then.

SS presents for his 12 week appointment and his screening ECG shows a proloned QTc 
interval of 510msec.  He denies syncopal symptoms and palpitations but he does report 
he has “been a little dizzy lately” and attributes this to the hot weather.

A repeat ECG is done 30 minutes later and confirms QTc prolongation with a corrected 
interval of 512 msec.  A screening potassium at this time is low at 3.1mEq.  A review of 
his medications is done, and he is still on both Haldol and ondansetron.  He is admitted 
to the MDR-TB hospital, which is newly equipped with an automated defibrillator.  He 
is given potassium magnesium, and calcium, and has both his Haldol and ondansetorn 
held.  He has a daily ECG to assess for QTc prolongation, and the daily measurements 
show his QTc hovering between 470 and 480msec.  He becomes psychotic again, 
and his CS is stopped with great improvement.  He is continued on his DEL given the 
improvement in his QTc interval as well as the fact that his regimen has been compro-
mised by having to decrease his CS.  His QTc returns to 460msec and CFZ is added to 
strengthen his regimen.  He continues of potassium and magnesium for an additional 
month.
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Figure 7: Management Approach to Patients on  QTc Prolonging Antitubreculous Drugs
Drugs known to prolong the QTc interval include BDQ, DEL, CFZ, Moxifloxacin, Levofloxacin, and Clarithro

Patient presents at weeks 
2, 4, 8 12, and 24 for routine 

follow up

Measure the QTc with hand-
held device where these are 

in used

QTc normal QTc prolonged 
(>500msec)

Continue 
routine 

monitoring

Repeat 2 additional 
ECGs 15-30 minutes 

apart to confirm

Patient has any of the following signs or symp-
toms: dizziness, lightheadedness, syncope, faint-
ing, non-mechanical fall, loss of consciousness, 

palpitations, fast heart rate

Measure 12 lead ECG

QTc prolonged 
(>500msec)

QTc normal

QTc prolongation 
confirmed

Assess for other 
causes

Stop all non-essential QTc prolonging agents (i.e. ancillary medications)

Check potassium; if less than 3.5 mEq, then replete potassium, magnesium and calcium 
according to standard protocols.  Consider checking for hypothyroidism

Consider discontinuation of suspected anti-TB drugs if no other options

If symptomatic or other risk factors, consider hospitalization in a setting where 
defibrillation can be done
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Anemia

Patients with anemia can often present with vague symptoms, but chief among them are 
fatigue, dyspnea, and pallor.  On exam these individuals may have pale conjunctiva and 
a rapid heart rate.  Patients on LZD should have a CBC checked monthly to monitor for 
anemia

Patients with DR-TB often have multiple comorbidities and reasons to develop anemia, 
including HIV and other OIs.  When a medication is suspected, LZD and AZT are the 
most likely culprits. LZD and AZT should be avoided in persons with a hemoglobin of 
less than 8g/dL unless there are no other alternatives. Patients with baseline anemia 
may need iron therapy prior to starting LZD.  However, many patients have anemia of 
chronic disease and will improve when on adequate therapy.  In persons with baseline 
anemia (i.e. hemoglobin of < 8gm/dL) the use of BOTH AZT and LZD should be avoided.

If a person develops a hemoglobin of < 8gm/dL while on therapy, ART should be 
changed if the person is on AZT.  Other causes of anemia should be assessed, and if 
no other causes found, then LZD should be discontinued until the hemoglobin is above 
8gm/dL again.  At this point, LZD could be restarted at a lower dose (i.e 300mg/day).

If the patient develops a hemoglobin of <8gm/dL with symptoms of respiratory insuffi-
ciency, then transfusion should be considered.  If erythropoietin is available, this should 
also be considered. Otherwise, transfusions should be considered for patients with a 
hemoglobin of 7gm/dL or less, depending on access to and safety of the blood supply.
If drugs are discontinued, doses changed, or a patient is hospitalized or transfused due 
to the development of anemia, these changes should be recorded and reported as part 
of active pharmacovigilance.

Thrombocytopenia

Patients with thrombocytopenia can present with a variety of complaints, including nose 
bleeds, bleeding gums, easy bruising, and rashes.  On example these patients often 
have petechiae.  Patients with DR-TB often have multiple comorbidities, including HIV 
and other OIs.  When a medication is suspected, the likely cause of thrombocytopenia is 
LZD is the most likely culprit.  Patients on :LZD should have a CBC checked monthly to 
assess for thrombocytopenia

Patients who have a platelet count of 50,000/mm3 should have their LZD held while 
investigating other causes.  If no other cause can be identified, then LZD should only be 
restarted at a lower dose (i.e. 300mg/day) once the platelet count has normalized.  In 
patients with a platelet count of <10,000 mm3 or in whom severe bleeding is occurring 
platelet transfusion should be considered.

Management of Selected AEs   41          



If drugs are discontinued, doses changed, or a patient is hospitalized or transfused due 
to the development of thrombocytopenia, these changes should be recorded and report-
ed as part of active pharmacovigilance.

Case Example 11: Thrombocytopenia

FT is a 32 year-old woman who is being treated for KM-resistant TB with a regimen on 
LFX-CS-PAS-Ethio-PZA and LZD.  Neither BDQ nor DEL are available in her country 
yet.  She also has HIV and is on a regimen on AZT-3TC-NVP, also due to shortages of 
other medications in her country.

She initially does well but then after 2 months on DR-TB treatment, she notices her 
mouth won’t stop bleeding after she brushes her teeth.  She has had two bloody noses 
as well.  She presents to her health center and her physician checks her CBC, which 
shows a platelet count of 60,000/mm3.  She has no other signs or symptoms.  Her phy-
sician stops her AZT and starts TDF, but FT continues to have copious bloody noses and 
returns to her health center when she cannot stop the bleeding.  A repeat platelet count 
is 40,000/mm3.  Her physician stops her LZD and the platelets begin to rise with abate-
ment of her symptoms.  Her smears and cultures have been negative, so she is give 
CFZ in place of LZD

Optic neuritis

Patients with optic neuritis can present with a number of symptoms including decreased 
visual acuity and changes in the way they perceive colors.  Often, however, they have no 
complaints at all, and routine visual acuity monitoring should be done.  If a change from 
baseline is noted, formal red/green color testing should be done as well as a fundoscop-
ic exam of the optic nerve.  Ethambutol can also cause optic neuritis, and if the patient is 
on ethambutol, this drug should be stopped when a patient has visual complaints along 
with changes in color perception and/or evidence of edema of the optic nerve.  LZD 
should be lowered to a dose of 300mg and if problems persist, LZD should be discontin-
ued.  If drugs are discontinued or doses changed due to the development of optic neuri-
tis, these changes should be recorded and reported as part of active pharmacovigilance.

Nausea/Vomiting/Abdominal Pain

These gastrointestinal symptoms are common in patients on DR-TB, and excellent 
management protocols are available in other field guides.  Drugs commonly associated 
with nausea and vomiting include ethionamide and PAS. In patients on BDQ and/or CFZ, 
additional considerations should be considered.  If the abdominal pain is severe or the 
nausea and vomiting protracted, then pancreatitis should be ruled out.  Lipase should be 
evaluated, and if present, potential causes of it should be considered including ART (i.e. 
D4T), HIV, or alcohol use.  If no other underlying cause can be identified, BDQ should be 
discontinued.  If the patient does not have pancreatitis, then acute abdomen should
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be considered, with CFZ being the most likely agent.  Both these drugs accumulate in 
the adipose tissue, and thus, even with discontinuation, adverse events may take time to 
resolve.

Patients on new drugs and CFZ who have nausea, vomiting, or diarrhea should have 
their potassium checked frequently, as they are at risk of developing hypokalemia and 
fatal arrhythmias in the setting of BDQ, DEL or CFZ use. 

If drugs are discontinued, doses changed, or a patient is hospitalized due to the devel-
opment of nausea, vomiting, or absominal pain, these changes should be recorded and 
reported as part of active pharmacovigilance.

Malnutrition

Patients with DR-TB and malnutrition are at high risk for poor outcomes.  Thus, aggres-
sive nutritional support for all DR-TB patients is recommended as part of routine care.  
Patients on DEL are at higher risk for drug-related adverse events if they are malnour-
ished, especially if their serum albumin is below 2.8 gm/dL.  In patients with albumin lev-
els near this value, aggressive protein and calorie supplementation are recommended.

If drugs are discontinued, doses changed, or a patient is hospitalized due to the develop-
ment of malnutrition, these changes should be recorded and reported as part of active 
pharmacovigilance.

Neuropathy

Patients with neuropathy often present with burning, tingling or numbing pain in their 
feet and hands.  Neuropathy can become so severe that it limits mobility and greatly 
decreases quality of life.  Patients with DR-TB are at high risk for developing peripheral 
neuropathy for a variety of reasons, including TB, HIV, alcohol use, or other medications.

Excellent protocols for the management of peripheral neuropathy are included in other 
field guides and guidelines.  Patients on LZD are at high risk of developing neuropa-
thy, and in a patient with signs and symptoms of neuropathy, the LZD dose should be 
lowered to 300mg/day while other causes are being investigated.  This should be done 
early in therapy, as there is some potential for the neuropathy to be reversible if detected 
early.

If drugs are discontinued, doses changed, or a patient is hospitalized due to the develop-
ment of neuropathy, these changes should be recorded and reported as part of active 
pharmacovigilance.

Management of Selected AEs   43          



Adherence Support

Patients with DR-TB in need of new and repurposed drugs must have sufficient sup-
port so that they are able to adhere to therapy and achieve the best possible outcomes.  
Some of these patients will have had previous treatment for DR-TB and either lost their 
faith in the ability of medications to cure them or suffered adverse events that have 
affected their lives in negative ways.  Thus careful counseling is needed (see section 
below on patient information).

In addition, many patients with DR-TB suffer from a lack of food, housing, and funds for 
basic needs, including transport.  Without these things, they will be unlikely to have treat-
ment success, and although provision of these types of support may be logistically chal-
lenging, they are usually much easier (and cheaper) than trying to manage patients with 
high-level drug resistance who are lost to follow up.  Furthermore, higher rates of ad-
verse events seen in patients with low albumin on new drugs and the facts that the new 
drugs are better absorbed with food,  mean nutritional support will likely improve efficacy.

The new and repurposed medications may also help improve adherence in patients 
who develop adverse events on standard DR-TB treatment.  If identified early, the new 
or repurposed drugs could be substituted for the offending agents, offering patients the 
tangible relief that is often missing from current management strategies.

Community-based care is an essential strategy for ensuring treatment success and 
reducing nosocomial transmission.  Hospitalization may be necessary for management 
of adverse events and in critically ill patients, but routine hospitalization with the new and 
repurposed drugs should be avoided.  Contrary to commonly-held beliefs that hospital-
ization results in better adherence, patients who are hospitalized may be at higher risk 
for being lost-to-follow up since they often have pressing issues to attend to at home.  
Furthermore, community-based care offers and ideal way to decrease stigmatization and 
allow persons with DR-TB to be integrated back into daily life in a more organic fashion.

Case Example 12: Adherence Support

HG is a 53 year-old male on treatment for MDR-TB.  He is started on therapy in the hos-
pital because of program norms, and he is agitated during the first 6 weeks of therapy.  
He wants to know when he can leave, or even just “go home for a little to take care of 
some things”.  He is told he cannot go home until he is done with his injection as there 
is no support system for him.  He begins to lose his hearing, continues to have positive 
smears and cultures, and leaves the hospital after 4 months.

A team of community nurses find him after a sputum sample he submitted on admission 
shows he has XDR-TB with additional resistance to Ethio.  He is home and tells them he 
had to come back to the house to pay some bills and collect some money that was owed 
to him.  He says he wanted to come back to the hospital but was too afraid and also that 
he needed to find some work or he would lose his house.
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The nurses explain to him that he has XDR-TB and that he needs to come back to the 
hospital to get started on “new drugs”.  He agrees but only if he can return to his house 
in 2 weeks to meet his son who is coming from a neighboring country with some money 
he owes to his father.  He says he must be home to get the money, as the son will run 
away of he finds out the father is sick.

The patients returns to the hospital with the nurses, only to be told he cannot be started 
on the new drugs because he “is non-compliant” and won’t agree to the hospitalization.  
He returns home dejected but does not know what else to do.

Fortunately, the TB Program is piloting a community-based intervention and they select 
him to be one of the households to benefit from the decentralized program.  A nurse and 
doctor come to see him and start him on treatment with BDQ-LZD-CFZ-PAS-CS-and 
PZA.  He is treated for two weeks in the community but is briefly hospitalized with severe 
anemia and shortness of breath.  His LZD dose is lowered from 600mg to 300mg and he 
continues on treatment doing well.  Eventually, with the help of the nurse and his treat-
ment supporter, he is able to disclose his health situation to his son.  The son tells him 
he is also being treated for TB and they are able to provide emotional support to one 
another.  Since the son is no longer working, a food package is provided to the family, 
and eventually the patient finds work as a night watchman at the nearby clinic.
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Pharmacovigilance for Providers

Pharmacovigilance (PV) is defined as the science and activities relating to the detec-
tion, assessment, understanding and prevention of adverse events in patients being 
treated with drugs.  Because BDQ and DEL have not been used extensively, active 
pharmacovigilance is needed for programmatic use as recommended by WHO. Active 
pharmacovigilance is considered one part of optimal management of adverse events 
in patients who are being treated for DR-TB. The WHO currently recommends Cohort 
Event Monitoring (CEM) in settings with resources for this most comprehensive type of 
active pharmacovigilance. This is because the new drugs have not been used in enough 
patients to detect rare events, and thus they do not have a complete adverse event 
profile.  Programs without the resources for CEM can and should use the new drugs 
while capacity is being built.  In these settings, resources should be focused on actively 
collecting and monitoring data on adverse events that are serious, severe, or result in a 
change of medical therapy.

Given the poor treatment success rates seen with current DR-TB therapy and the high 
rates of toxicity that are also noted, a rare adverse event detected may be unlikely to 
cause cessation of use of the new drugs.  However, it is important for patients and pro-
viders to be aware of all adverse events associated with medications, and thus especial-
ly in the early phases of use of new drugs and re-purposed drugs active PV is needed.  
Programs using new and re-purposed drugs need to collect routine data on the safety 
of such drugs and analyze that data on an ongoing basis. This can be done either by 
the NPT or by a PV center. Most countries will not be able to establish sufficiently large 
cohorts of patients within their own programs to be able to detect all rare but serious and 
severe events. For thisthere is a need for international collaboration, although specific 
mechanisms for this have not been established yet.  

What happens in active PV?

•  Active PV very much follows practices that are part of good clinical care for persons 
   with DR-TB, including frequent and routine monitoring, assessment of symptoms, and 
   actions taken to respond to any symptoms or abnormalities detected;

•  For active PV with the new drugs, the patient is seen by medical staff on a routine 
   basis (at least monthly for 6 months then at least quarterly) or when a problem occurs

•  Symptom screening and routine labs are done and noted in the medical file or 
   electronic medical record

If symptoms are present or lab abnormalities seen, clinical staff then decide on SERI-
OUSNESS and SEVERITY of the event, attribute likely CAUSALITY, and make an AC-
TION PLAN, all of which are recorded in the medical record, as well as the final outcome 
of the symptoms/abnormalities
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All adverse events that are SERIOUS should also be reported.  Of note serious adverse 
events differ from severity rating and this category describes events that have health 
consequences for pateints.  Serious events include death, pregnancy, hospitalization to 
manage the adverse event, and long-term disability. In addition, if TB drugs are discon-
tinued or  doses changed,   these changes should be recorded and reported as part of 
active pharmacovigilance.

Severity is generally assessed using standard definitions or data dictionaries, with a 
“grade number” given.  Grade 1 events are usually mild and asymptomatic while Grade 
4 events are usually life-threatening.  Each country should use grading scales that are 
available in their settings, although for use of comparison, standard grading scales 
should be considered.  Most standard grading scales are used for clinical research stud-
ies and may be too detailed for program use, but could be adapted for routine clinical 
care.  Examples of these include the US National Institutes Division of AIDS Criteria and 
the Common Terminology Crtieria for Adverse Events published by the US Department 
of Health and Human Services.

The use of such scales can help to standardize data collected across sites, but it can also 
be cumbersome for the provider to use such scales in clinical practice.  In general, care 
providers can make clinical notes in the chart about severity of a complaint by looking at 
how the patient’s activities are affected and what management plans were put in place to 
deal with the patient complaints.

•  If the complaint does not affect the patient’s activities and the plan is continued 
   observation, this event is probably mild (grade 1).

•  If the complaint has some effects on the patient’s activities and a medication is started   
   to help manage the complaint, then it is probably moderate (grade 2).

•  If the complaint has a significant effect on the patient’s activities and there is 
   consideration of a major medical intervention OR if doses of TB medications are 
   changed or drugs stopped, then the complaint is probably severe (grade 3).

•  If the patient has to be hospitalized or hospitalization is extended  to deal with the 
   complaint then the adverse event is probably life-threatening (grade 4).

In terms of causality, this is generally assessed by a health care provider as the possibil-
ity that a specific drug in the regimen could be causing the problems.  For example, if 
a patient develops skin pigmentation, the likely cause is CFZ.  Causality can be difficult 
to assess in multidrug regimens, especially if looking for a “rare” adverse event.  Never-
theless, providers should not in the medical record which drug or drugs are likely to be 
causing the abnormality.  In general, while providers may not be accustomed to a “for-
mal causality assessment”, most clinical management strategies are based on deciding 
which drug is likely to be leading to the problems the patient is experiencing and taking 
action based on this assumption.  Noting the rationale in the medical chart for clinical 
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decision making around patient complaints is sufficient for the initial causality assess-
ments.

Finally, a plan of action should be clearly laid out in which interventions are carefully 
recorded as is the final outcome of the adverse event or abnormality seen.  The plan 
of action could include adding new drugs to help manage adverse events, lowering the 
dose of existing drugs, or ultimately discontinuing a drug.  Of note, patients who become 
pregnant while on new drugs for the treatment of DR-TB should also have that event 
noted with a detailed action plan, including monitoring of the mother and fetus.

Noting these phenomena in the medical record can often be facilitated by the use of 
standard forms.  Care should be taken not to overburden care providers with excessive 
forms and whenever possible, PV sections should be added into standard DR-TB treat-
ment forms or records.  Electronic records would be ideal for capturing and tabulating 
data, and are being used increasingly in DR-TB treatment programs. Please note that in 
most countries with a national PV center, serious adverse events should be noted and 
reported within 24 or 48 hours

Clinical team responsibilities for active PV

•  In general, the role of the clinical team in PV is to provide excellent clinical care for 
   patients with adverse events and to record their activities in the medical chart in a way 
   that can later be assessed by others on a cohort level.

•  Management of individual patients so that optimal interventions can be implemented to 
   ensure the patient has the best possible outcome.

•  Active PV should place a minimal burden on physicians and nurses, as good patient 
   care includes the monitoring and documenting of adverse events.

•  Active PV may require additional details in the chart/medical record about severity, 
   causality and plan of action

•  If this information is well documented in the chart, then active PV will be 
   straightforward.

Centrally designated team responsibilities for active PV

•  Once the clinical provider has captured the information in the medical record, 
    transcription or entry of the data in an electronic database is needed on an ongoing     
    basis by data entry staff at the health facility. Some other activies take place at a more 
    central level.  These include:

•  Formal assessments of severity and causality.
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•  Formal assessments of severity and causality.

•  Transmission of the data to an identified  central level for analysis.

•  Reporting of trends noted at the central level back to the field.

•  Recommended guidance for adverse event management when a concerning trend 
   is noted. 

Figure 8 summarizes a field approach to active PV for new and repurposed drugs.

Figure 8: Implementation Tool: Pharmacovigilance for DR-TB Clinical Providers

Patient Started on BDQ 
or DEL for MDR-TB

Monthly routine clinical monitoring 
while on BDQ or DEL  and routine 

monitoring during rest of treatment

Detailed history 
(of what?) and 

clinical 

Routine laboratory 
testing

Clinical visit prompted by symptoms or 
problems the patient is having

Symptom directed 
laboratory evaluation 

Detailed 
history (of what?)
and clinical exam

Abnormalities found 
OR Pregnancy found

If no, routine 
follow-up

If yes, institute 
immediate 

clinical care

Document the following in the medial record and 
designated PV form:

1)  detailed description of the symptom(s) or abo-
normalities

2)  How serious and severe are these symptoms/
abnormalities?

3)  Do you think these symptoms/abnormalities 
could be caused by a medication? If yes, which one?

4)  What are you doing to manage these symptoms/
abnormalities (i.e. change medication, start a medi-

cation, stop a medication, other)?

5)  What additional tests are you recommending to 
assess these symptoms/abnormalities?

6)  How certain are you about the cause of these 
abnormalities?

7)  Did these abnormalities get better, stay the 
same , or get worse over time? What was the final 

outcome

Report to the 
designated 

authority  as 
required

If SAE, Report to designated 
authority within 24-48 hours 
(according to national regu-

lations)
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Case Example 13: Pharmacovigilance

HS is a 42 year-old woman with DR-TB that is resistant to INH, RIF, EMB, SM, and OFX.  
She is started on a treatment regimen of KM-Ethio-CS-PAS-PZA-Amoxi/CLV.  In her 
third month of treatment, she remains smear positive and complains of buzzing in her 
ears and decreased hearing.  Her medical team notes this in her medical record, and 
because the hearing loss is interfering with her ability to work and take care of her chil-
dren, a decision is made to stop the injection, as the KM is most likely to be causing the 
hearing problems.  Her country has recently procured a number of new and repurposed 
agents, and after review by the clinical expert team it is determined that HS meets the 
criteria to start on BDQ.  Given that she is still smear and culture positive and has not 
gained weight, her team is concerned about a simple substitution and decide to start her 
on LZD-BDQ-CFZ and to continue her Ethio-CS-PAS-and PZA.

Her team is worried about needing to do “active pharmacovigilance”, but upon review of 
their standard initiation and follow-up forms, they note that they already collect most of 
the information needed for PV, with the exception of formal severity and causality rat-
ings.  They obtain a severity rating scale from an international organization.  Although 
they have no formal PV center in the country, it is determined that all data will be re-
ported to the NTP and analyzed monthly by the NTP while awaiting development of a 
national PV monitoring system.

HS does well on the new regimen, converts her smear and culture in month 4 and gains 
2 kg.  She is unhappy that her skin is a more orange color and reports this to her physi-
cians.  They deem the skin discoloration is moderate and give it a grade of 2 based on 
their grading system.  They note in the chart that they believe this is due to CFZ  but that 
they will continue the drug given that this adverse event is reversible.

HS was not on any birth control as she thought she was “too old to get pregnant.”  She 
thinks she is missing her period because of menopause.  However, after 3 missed pe-
riods she undergoes a pregnancy test and is found to be pregnant.  Her medical team 
notes the pregnancy in the chart and calls the NTP the next day to let them know about 
this event.  The NTP asks the team to record this in the PV section of the medical forms 
and after review with the clinical expert committee, they decide to continue the current 
treatment.
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Ethical Issues and Informed Consent

There are a number of important ethical issues to consider in the use of new and re-
purposed drugs for the treatment of DR-TB.  These not only include informing patients 
about the potential risks and benefits of the new and repurposed drugs but also issues 
such as equity in access, fair drug pricing, and developing patient-provider relationships.  
In general, the introduction of new and repurposed agents offers the DR-TB community 
a chance to improve communication with patients on all levels.

Most DR-TB patients sign a general informed consent that states they agree to be 
treated.  While there may be some details in the informed consent about the risks and 
benefits of the medications given, information is usually limited.  No specific recommen-
dations have been made regarding the use of informed consent and LZD or CFZ.  For 
BDQ, the WHO requires signed informed consent,  a recommendation made because of 
the higher mortality rates seen in the registration trial.  For DEL, it is recommended that 
a “due process” be followed for patients receiving the drug, although limited details on 
what this “due process” should consist of are not provided.  In general, an open, trans-
parent, and ongoing process of communication should take place for all patients receiv-
ing DR-TB treatment, no matter what the specifics of the regimen may be.

There are a few summary points to consider when thinking about informed consent, 
including:

•  These new and repurposed drugs are being recommended for use under program 
   conditions and not as a clinical trial, and the informed consent process should take this 
   into account.

•  Many existing consent forms for DR-TB are more about reducing liability as opposed 
   to truly informing the patient.  Thus, caution should be taken when adapting existing 
   forms to program conditions.

•  Informed consent is stressed with BDQ and DEL based on the small numbers of 
   patients included in the clinical trials

•  Informed consent is stressed with BDQ and DEL because of  the lack of long-term 
   safety data (although this could also apply to LZD)

•  Specific ethical concerns have been raised about the higher mortality rate seen with 
   BDQ compared with placebo in the registration trial

•  These ethical concerns must be placed in the context of current treatment of MDR-TB, 
   including poor outcomes and high rates of adverse events
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A symptom-based approach to obtaining consent is recommended over a drug-based 
approach, as patients will be much more able to relate to symptoms they may experi-
ence.  For an example of a symptom-based approach, please see the companion work-
book on “Living with DR-TB: Making the Most of Your Treatment Experience” also 
developed by the SWIFT Project

Box 6: Symptom-Based Informed Consent

Developing patient information

A key part of the informed consent process is making sure the patient understands and 
can contextualize the potential risks and benefits of therapy and that he or she has the 
opportunity to ask questions.  Most models of informed consent to not allow time for 
this to really happen, and patients—at a very vulnerable time in their lives—are asked 
to take in an incredible amount of information and “sign that they agree to treatment.”  
While there can be an urgency to start therapy, providers must ensure that patients are 
able to share concerns and questions that may come up within the days and weeks after 
treatment has started.  Directly observed therapy provides an ideal time for this, and it 
requires that patients and providers spend some period of time together each day.

It is essential that materials about the new and re-purposed drugs for patients with DR-
TB be developed.  These materials should not copy and paste lengthy strings of pos-
sible side effects and risk from existing clinical trials documents, but rather should take 
into account the needs of those who are going to be taking the drugs.  An example of a 
patient information brochure on BDQ developed by TB Proof is included in the Annex.

When developing information for patients being provided new and repurposed drugs for 
DR-TB, the following points should be considered:

•  Information needs to be culturally appropriate, available in local languages, and devel-
oped with the input of patients and community

•  The informed consent process should ensure that information of the new and repur
   posed drugs are provided, but that these drugs are not “exceptionalized” in terms of 
   the real risks presented by the existing medications.

•  Ensure that process of obtaining informed consent facilitates patient understanding

•  Ideally, obtaining informed consent is an ongoing process and dialogue between pro
   viders and patients

•  Samples of possible consent forms are shown in Figure 9A and 9B
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General points to include

•  Reason the drug is being offered: resistance or intolerance means a full regimen can-
not be made without them

•  Additional monitoring while on the new drug: ECG

•  Avoid “laundry lists” of possible adverse events but rather  help patients contextualize 
risks and benefits of new and repurposed drugs.

•  Goal of the consent process: to ensure patient understands the role of the new drug 
and has the opportunity to ask questions and have them answered

BDQ considerations

•  New TB drug that has been shown to increase cure rates in patients who received the 
   drug compared with those that did not

•  Side effects can include problems with the liver and problems with the rhythm of the 
   heartbeat

•  In one clinical study, patients who received BDQ had a higher death rate than those 
   who did not, but this was felt not to be due to the drug

•  To date more than 500 patients have received BDQ

DEL considerations

•  New TB drug that has been shown to increase cure rates in patients who received the 
   drug compared with those that did not

•  Side effects can include problems with the liver and problems with the rhythm of the 
   heartbeat

•  To date more than 400 patients have received DEL

LZD considerations

•  Drug commonly used for the treatment of infections other than TB

•  Drug that has shown success in groups of patients with DR-TB who received it, but no 
   comparison group was included to show how much success

•  Side effects can include problems with the nerves as well as with the cells that make 
   blood and clotting factors
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CFZ considerations

•  Drug commonly used in the treatment of infections other than TB

•  Drug has shown success in groups of patients with DR-TB who received it compared  
   with those who did not

•  Side effects can include reversible changes in skin color and moisture, problems with 
   the rhythm of the heart, and abdominal pain

Methods for delivering patient information

Current approaches teaching patients about the new and repurposed drugs and to the 
informed consent process usually involve a one-on-one conversation with patients and 
providers.  This, however, is only one means of conveying information, and other modes 
are needed to ensure the patient and his or her loved ones are provided with the infor-
mation they need to stay involved in care.  Multiple other methods for delivering informa-
tion to patients and their loved one can be employed, including:

•    Peer educators

•    Videos

•    Role playing exercises

•    Waiting room educational sessions

•    Community health workers

•    Social Media

As a final point, DOT is considered an essential cornerstone in the management of pa-
tients with DR-TB, although emerging data show that DOT may place undue burdens 
on patients and ironically result in lower rates of adherence.  DOT is likely to remain a 
key part of TB treatment in the near future, but if modified and used as a daily oppor-
tunity to answer questions, interact with patients, and provide information, the entire 
process could be transformed in a way that is more meaningful for both patients and 
the providers that serve them

Box 7: DOT and the Informed Consent Process
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Case Example 14; Informed Consent

PJ is a 27 year-old male who was diagnosed with XDR-TB after failing MDR-TB treat-
ment.  He has resistance to INH-RIF-EMB-SM-KM-LFX-and Ethio.  He was previously 
treated with a regimen of KM-LFX-PZA-Ethio-CS-PAS and developed severe neuropa-
thy.  He is depressed and very frightened to find out he has “the most resistant TB pos-
sible.”

PJ’s physicians want to start him on a new regimen for XDR-TB consisting of BDQ-LZD-
CFZ-CS-PAS-PZA.  They tell him if he doesn’t start this regimen, not only will he die, but 
he will also “infect everyone in his community.”  He agrees to try the new regimen as he 
is very worried.

His doctors and nurses explain to him that he needs to give permission or them to treat 
him, just like when he was treated for MDR-TB.  However, they explain he will need to 
sign an additional informed consent to receive one of the drugs—BDQ—as this drug has 
not been used very much and has been shown to cause heart problems and even to 
cause higher rates of death in people. 

PJ does not understand why his doctors and nurses want to treat him with this new drug.  
It sounds like an experiment to him, and he already has enough problems with his lungs 
and feet that he does not need another problem with his heart now.  He also thinks that 
since the new drug could kill him, it would be better to die of his TB.  A nurse explains 
that the new drug may help him, but PJ is completely overwhelmed and decides not to 
sign the form.  The nurse gives him some material to take home and read, but he is too 
ashamed to tell her that he cannot understand most of the words and was never good at 
figuring out the math sums.  The doctor comes out and tells him he must sign the form to 
take the new drug or he cannot have any treatment and he will die.  

PJ feels like they are pushing him to join an experiment, and he decides to leave.  Two 
months later he dies from XDR-TB.
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Figure 8: Implementation Tool: Pharmacovigilance for DR-TB Clinical Providers

A. Due Process for Informed Consent: Checklist for Patients

Due process is considered to have been followed when the answers to points 1,2,3,4 
and 5 are answered yes. Bedaquiline can be administered when points 1,2,3,4,5,6,7,and 
8 are answered yes.

1) Were you provided with information about your current health status, your diagnosis, 
and the reason you are being started on treatment for TB?

 Yes   No

2) Were you offered the opportunity to meet with a nurse or counselor to review the 
treatment that is being offer to you as well any problems or symptoms that may arise 
during treatment?

 Yes   No

3) Were you given an opportunity to ask and have answered any questions you might 
have about your health status and the treatment you are being offered?

 Yes   No

4) Were you given the name of a person to contact and information about how to contact 
that person should you have any questions about your health status and the treatment 
that is being offered to you?

 Yes   No

5) Do you agree to receive the treatment recommended for you by your health care pro-
viders?

 Yes   No

6) Are you being offered treatment with a drug called bedaquiline?

 Yes (if yes, answer 7 and 8)  No (if no, skip to point 9)

7) If yes, were you given specific information about the symptoms of problems this drug 
might cause?

 Yes   No

8) Do you agree to receive treatment with the drug called bedaquiline?

 Yes   No
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9) By signing this form, I consent to receive treatment for TB

______________________________________________
Print name of patient

______________________________________________
Signature of patient

_______
Date

If patient unable to read or write fluently in the language in which the information 
was provided and used in this form, fill in the following section

I designate ____________________________________________________________
to read this information to me and to sign on my behalf.  I also place my thumbprint here 
to verify this.

______________________________________________
Print name of witness

______________________________________________
Signature of witness

_______________
Date

Thumbprint  

Verification by person reviewing education materials with the patient (counselor)

______________________________________________
Print name of counselor

______________________________________________
Signature of counselor

_______________
Date
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B. Due Process for Informed Consent: Checklist for Counselors/Providers

Due process is considered to have been followed when the answers to points 1,2,3,4, 
and 5 are answered yes. Bedaquiline can be administered when points 1,2,3,4,5,6,7,and 
8 are answered yes.

1) Did you provide the patient with information about his/her current health status, diag-
nosis, and the reason he/she is being started on treatment for TB?

 Yes   No

2) Did you provide an opportunity to meet with the patient to review the treatment that is 
being offered to him/her as well any problems or symptoms that may arise during treat-
ment?

 Yes   No

3) Did you give the patient an opportunity to ask and have answered any questions he/
she might have about his/her health status and the treatment he/she being offered?

 Yes   No

4) Did you give the patient the name of a person to contact and information about how 
to contact that person should he/she have any questions about his/her health status and 
the treatment that is being offered to him/her?

 Yes   No

5) Did the patient agree to receive the treatment recommended for him/her by his/her 
health care providers?

 Yes   No

6) Is the patient being offered treatment with a drug called bedaquiline?

 Yes (if yes, answer 7 and 8)  No (if no, skip to point 9)

7) If yes, did you give the patient specific information about the symptoms of problems 
this drug might cause?

 Yes   No

8) Did he or she agree to receive treatment with the drug called bedaquiline?

 Yes   No
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9) By signing this form, I verify that this information was provided to the patient  to 
receive treatment for TB

______________________________________________

Print name of counselor

______________________________________________

Signature of counselor

_______

Date

Verification by patient receiving education materials (or by designated appointee if 
patient is not fluent in the language in which the information was provided)

______________________________________________

Print name of patient/representative

______________________________________________

Signature of patient/representative

_______________

Date
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